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@ An electrically fusion-bonded joint includes a 
body proper and is provided with a heater including 
a magnetic alloy piece having a fixed degree of 
Curie temperature at a portion in the vicinity of the 
body proper surface to be bonded so that the sur- 
face of the heater is exposed outside from the body 
proper surface to be bonded. When the body proper 
surface to be bonded Is brought into contact with the 
surface of a member to be bonded and high fre- 
quency current is supplied to the magnetic alloy 
piece by electric induction, the magnetic alloy piece 
generates heat and the temperature thereof is kept 
at a fixed degree of Curie temperature by tempera- 
ture self-control function thereof. Accordingly, when 
a Curie temperature is set at a degree for fusion- 
bonding, the body proper surface and the member 
to be bonded are fusion-bonded. 
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Field of Technology 

This invention pertains to an electric fusion 
coupling. More specifically, it pertains to an electric 
fusion coupling which is utilized to connect syn- 
thetic resin pipes, etc. 

Prior Art 

An example of prior electric fusion couplings 
used to connect pipes made of polyethylene, poly- 
butene and other synthetic resins is disclosed in 
the U.S. Patent No. 4, 117. 311 (September 26, 
1978) and the U.S. Patent No. 4.486, 650 
(December 4, 1984). 

As Indicated in Fig. 15, an electric fusion cou- 
pling 1 of the prior art includes the body 2 which is 
a hollow cylindrical pipe made of synthetic resin. 
Buried in the inner section of the body 2 is the 
electric heating wire 3, while both ends of the 
electric heating wire 3 are attached to the terminals 
4 which project from the body 2, 

In such an electric fusion coupling 1 of the 
prior art. there were problems in manufacturing 
since terminals 4 have to be shaped in both end 
sections of the electric heating wire 3. 

Moreover, since the heating was accomplished 
by the electric heating wire 3, the temperature 
control was difficult, and there easily emerged a 
temperature unevenness, which constituted another 
problem. 

Summary of Invention 

Therefore, the main purpose of this invention is 
to offer a new electric fusion coupling. 

Another purpose of this invention Is to offer an 
electric fusion coupling which would be simple in 
manufacturing. 

Another purpose of this invention is to offer an 
electric fusion coupling that does not generate tem- 
perature unevenness. 

Still another purpose of this invention is to offer 
an electric fusion coupling which uses a magnetic 
alloy body as a heater. 

An electric fusion coupling according to this 
invention connects members to be connected 
made from the 1st synthetic resin, and is equipped 
with the following: the main body which is made of 
the 2nd synthetic resin and has the 2nd joining 
surface which has practically the same curve as 
the 1st joining surface, while the above-mentioned 
1st and 2nd synthetic resins have their respective 
1st and 2nd melting temperatures; a heater which 
is located so as to expose at least a part of its 
surface on the 2nd joining surface and includes a 
magnetic alloy body, and the aforesaid magnetic 
alloy body has a high Curie temperature equal to 



or higher than the melting temperatures of the 1st 
and 2nd synthetic resins. 

The heater is buried, e.g., in the vicinity of the 
2nd joining surface of the body, and the surface of 
5 this heater is exposed on the 2nd joining surface. 
The Curie temperature of the magnetic alloy that 
makes up the heater is established as an optimal 
temperature slightly higher than the melting tem- 
peratures of the 1st and 2nd synthetic resins. 

10 The 2nd joining surface of the body follows 

one of the joining surfaces of the heater joining 
member. In this situation, when a high frequency 
current is applied by magnetic induction to the 
magnetic alloy which makes up the heater, the 

75 magnetic layer is heated by the skin effect, the 
temperature of the magnetic alloy body and hence 
of the heater is increased. Thereupon, if the tem- 
perature of the heater reaches the Curie tempera- 
ture, the magnetic permeability of the magnetic 

20 alloy body rapidly decreases, the current is almost 
entirely discontinued, and the temperature of the 
magnetic alloy body, i.e., the heater, no longer 
increases. If the temperature of the heater Is re- 
duced by heat conduction, then the magnetic per- 

25 meabillty of the magnetic alloy body is Increased, 
and an electric current again flows in the magnetic 
alloy body. Since such actions are recurrent, the 
temperature of the magnetic alloy body, i.e., the 
heater, is maintained actually at a constant level of 

30 Curie temperature. Consequently, the 1st and the 
2nd joining surfaces are heated to the Curie tem- 
perature or to a value close to it, i.e., to the optimal 
temperature, the members to be connected and 
the 1st and the 2nd joining surfaces of the body as 

35 well as its surroundings are melted, and the mem- 
ber to be connected and the body are fused. 

According to this invention, there is no need to 
shape welding terminals, as was the case In the 
prior art, exclusively by installing a heater in the 

40 body which includes a magnetic alloy body, there- 
fore the structure of the electric fusion coupling is 
simplified, thus a fusion coupling can be manufac- 
tured in a simple manner. Moreover, the tempera- 
ture of the heater can be controlled to be almost 

45 constant, using the Curie temperature of the mag- 
netic alloy body, therefore it is possible to heat the 
entire 1st and 2nd joining surfaces constantly to a 
fixed temperature. If the surface of the magnetic 
alloy body and hence that of the heater is Installed 

50 in the body in such a way as to be exposed on the 
2nd joining surface, then this heater can heat di- 
rectly not only the 2nd joining surface of the body, 
but also the 1st joining surface of the member to 
be connected. Therefore, the two of them can be 

55 melted and joined within a short time. Further, if 
the heater Is buried in the body entirely without 
exposing itself on the surface, then the 2nd syn- 
thetic resin of the body is interposed between the 
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heater and the 1st joining surface of the member to 
be connected. Therefore the strength of coupling 
on both sides of the body which hold the heater 
between them was insufficient If on the other hand, 
the heater whose surface Is exposed on the 2nd 
joining surface, is buried in the body, the 2nd 
synthetic resin of the body is not interposed be- 
tween the heater and the 1st joining surface of the 
member to be connected, and since the heater is 
held directly between the body and the member to 
be connected, a sufficiently large coupling strength 
can be attained. 

In a preferable example of this invention, the 
magnetic alloy body which constitutes the heater is 
Incorporated into the body in the shape of a plate 
(plate, wavy plate, etc.), punching metal, mesh, 
coil, ring or a thin film. Such magnetic alloy bodies 
can be constituted as a layer of synthetic resin with 
magnetic powder admixed to it. In this event, the 
synthetic resin of the synthetic resin layer can be 
the 2nd synthetic resin. 

The above-mentioned purposes of this inven- 
tion, as well as its other purposes, characteristic 
features, aspects and advantages will become 
clearer from the following detailed explanation of a 
practical example which is provided in conjunction 
with the attached Figures. 

Brief Explanation of Figures 

Fig. 1 is a cross-section which shows a prac- 
tical example of this invention. 

Fig. 2 is a cross-section which shows the situ- 
ation of the coupling of the Practical Example in 
Fig. 1. 

Figs. 3 ■ Fig. 1 1 are cross-sections which show 
different modified examples of heaters. 

Fig. 12 is an oblique view which shows another 
practical example of this invention. 

Fig. 13 A and 13 B serve to explain another 
practical example of this invention. Fig. 13 A is a 
cross-section, Fig. 13 B shows the bottom surface. 

Fig. 14 is a cross-section which shows another 
practical example of this invention. 

Fig. 15 is a cross-section which shows prior 

art. 

The Best Ways to Implement the Invention 

Referring to Fig. 1, the electric fusion coupling 
10 of this Practical Example includes a hollow 
cylindrical body 1 0 made of polyethylene and other 
synthetic resins. The hollow inside of the body 12 
acts as a socket 16 which accepts the pipe 14 
mentioned below. Close to the inner surface of the 
socket 16, i.e.. the joining surface (the 2nd joining 
surface) there is buried a cylindrical magnetic alloy 
body 18. The magnetic alloy body 18 acts as a 



heater, it has a fixed Curie temperature. Such a 
magnetic alloy body 18 can be the magnetic alloy 
body disclosed in the U.S. Patent No. 4, 256, 945 
(March 17, 1981), therefore here we adopt it by 

5 quoting without resorting to a detailed explanation. 
The Curie temperature of the magnetic alloy body 
18 can be adjusted by varying the composition 
ratio of the components which constitute the alloy. 
The Curie temperature is established at the optimal 

10 temperature of the coupling. Of course, this optimal 
temperature varies according to the particular kind 
of the 1st synthetic resin used in the pipe 14 to be 
connected and of the 2nd synthetic resin used in 
the body 12. 

75 Refenring to Fig. 2. the pipe 14 made of poly- 
ethylene, polybutene and other synthetic resins is 
inserted into sockets 16 on the right and left of the 
electric fusion coupling, and then a high frequency 
electric current is applied by electric inductance to 

20 the magnetic alloy body 18 buried inside the cou- 
pling 10 using a high frequency power source. 
Then, the magnetic alloy body 18 is heated rapidly, 
since due to the skin effect, the electric current is 
only concentrated in the skin section. When the 

25 temperature of the magnetic alloy body 18 is in- 
creased and reaches the Curie temperature, its 
magnetic permeability diminishes rapidly, so that 
the skin current is discontinued, thus the heating of 
the magnetic alloy body 18 becomes exceedingly 

30 small. When the heat of the magnetic alloy body 
18 propagates to the body 12 and the pipe 14, 
reducing the temperature of the magnetic alloy 
body 18, the magnetic alloy body 18 is again 
heated by the skin current. Consequently, the mag- 

3S netic alloy body 18, i.e., the heater, maintains an 
almost constant temperature which is the Curie 
temperature or close to it. Thus, the joining sur- 
faces of the body 12 and pipe 14 as well as the 
synthetic resin in their vicinity are melted and the 

40 two become fused. 

The high frequency power source that can be 
used can be, e.g., the high frequency power source 
disclosed in the U.S. Patent No. 4, 769, 519 
(September 6, 1989). Therefore, here it is adopted 

45 by quoting, without resorting to a detailed explana- 
tion. 

According to this practical example, a high 
frequency current is applied to tiie magnetic alloy 
body 18 by means of electromagnetic induction. 
50 Therefore the electric fusion coupling 10 can be 
manufactured easily without any need to shape 
welding terminals. 

Heaters that can be used are not restricted to 
the practical example of Fig. 1. instead, they in- 
55 elude e.g., those shown in Fig. 3-11. 

In the practical example indicated in Rg. 3, the 
heater 11 is used which connects in series the left 
and right magnetic alloy bodies 18 in the Practical 
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Example of Fig. 1 by means of a connecting sec- 
tion 24. In order for the connecting section 24 to 
prevent the central part 22 of the body 12 from 
melting as efficiently as possible, it is shaped part- 
ly around the body 12. By connecting the two 
magnetic alloy bodies 18 by means of such a 
connecting section 24, it is ensured that the posi- 
tions of both magnetic alloy bodies 18 are not 
dislocated along the diameter of the body 12, 
therefore the fusion is accomplished with more 
reliability. 

The heater 13 shown in Fig. 4 includes the 
magnetic alloy body 28, cylindrical (or planar) In 
shape. On the external surface of (or internal sur- 
face) of the magnetic alloy body 28, there are a 
number of projecting lines 26 extending along the 
circumference. These projecting lines 26 have a 
double function, i.e., preventing separation between 
a magnetic alloy body 28 and the body 12, and 
expanding the heating area. 

The heater 15 shown in Fig. 6 includes a 
cylindrical magnetic alloy body 30 shaped by a 
wave plate. The reason why this magnetic alloy 
body 30 is constituted by a wave plate is the same 
as in the Practical Example of Rg. 4. 

In the Practical Example indicated in Fig. 6, the 
heater 17 is constituted by a magnetic alloy body 
34 shaped as punching metal. I.e., there are a 
number of pieced holes 32 on the lateral surface of 
the magnetic alloy body 34. These pierced holes 
32 are efficient to prevent separation between the 
magnetic alloy body 34 and the body 12. That is, 
since the synthetic resin of the body 12 Involves 
the magnetic alloy body 34 via the pierced holes 
32, separation between the two of them can be 
prevented. 

If a sufficient aperture ratio is not obtained in 
the punching metal shown in Fig. 6, the heater 19 
can also be used which is constituted by the mesh- 
shaped magnetic alloy body 36 Indicated In Fig. 7. 
Thus the Introduction of the synthetic resin of the 
body 12 is promoted via these apertures, while 
separation between the mesh magnetic alloy body 
36 and the body itself can be further prevented. 

Even using the heater 21 made of a coil- 
shaped magnetic alloy body 38 as indicated in Fig. 
8, the same effect as in the Practical Example of 
Fig. 7 can be expected. The Practical Examples 
shown in Figs. 6 - 8 are advantageous In that they 
enable one to reduce the amount of magnetic alloy. 

In Practical Examples indicated in Figs. 1 - 8, 
the electric fusion coupling 10 was obtained by 
ejection molding of the body so as to mold the 
magnetic alloy body inside the body. But the shape 
of the magnetic alloy body can be further modified 
as follows. 

In the Practical Example indicated in Fig. 9, the 
heater 23, l.e., the magnetic alloy body, is shaped 



as the magnetic alloy layer. That is. in this Practical 
Example, a magnetic alloy layer Is shaped close to 
the joining surface of the body 12, the magnetic 
alloy layer includes magnetic alloy powder that has 

5 a fixed Curie temperature admixed to the synthetic 
resin. In this way, if the magnetic alloy body is 
constituted by a magnetic alloy layer, then not only 
is it easier to manufacture the electric fusion cou- 
pling 10, but the problem of separation between 

10 the magnetic alloy body (layer) and the body 12 is 
solved. 

The heater 25 shown in Fig. 10 includes a 
magnetic alloy thin film with which to coat the 
joining surface of the body 12. Thus if the heater 

75 25 is constituted by a magnetic alloy thin film 42, 
then the surface of the heater 25 is exposed on the 
2nd joining surface of the body 12. According to 
the Practical Example wherein the heater 25 is 
exposed on the 2nd joining surface, the heater 25 

20 can heat directly not only the body 12, but also the 
members to tie joined, i.e., the pipe 14 (Fig. 1). 
therefore the two joining surfaces can be fused 
within a short period of time. Moreover, since ac- 
cording to this practical example, the magnetic 

25 alloy body 42 is held on both sides directly by the 
body 12 and the pipe 14 (Fig. 1), the joining 
strength can be expected to further increase. 

As in the Practical Example of Fig. 11, the 
magnetic alloy thin film 29 used as the heater 27, 

30 can be applied as a coating inside a groove 
shaped on the joining surface of the body 12. 

It can be easily understood that the concept of 
exposing the heater, i.e., the magnetic alloy body 
(layer), on the joining surface of the body 12 can 

35 be applied in a similar manner to the individual 
Practical Examples shown in Fig. 1 and in Fig. 3 - 
9. 

This invention can be applied to the joining of a 
variety of pipe members: a socket 44 divided in 

40 two pieces as indicated in Fig. 12, a saddle 31 as 
indicated in Fig. 13 A and 13 B, or an elbow 33 as 
indicated In Fig. 14, and other tees, reducers, etc., 
not indicated in Figures. 

The two-section socket 44 indicated in Fig. 12 

45 consists of the top section 46 and bottom section 
48. Magnetic alloy powder is kneaded into the 
sections close to their respective inner surfaces as 
Indicated In the practical Example of Fig. 9. During 
the joining, the pipe 50 is held on both sides by the 

50 top and bottom pieces of the two-piece socket 44 
in such a way as to bring the extremities of the 2 
pipes 50 to be connected butt to butt and place the 
confronting sections 52 in vacuum. The top and 
bottom pieces are fixed by a clamp tool, and a 

55 high frequency current is applied to the magnetic 
alloy powder 40. In this way, the magnetic alloy 
powder 40 Is heated similarly to previous Practical 
Examples and the top and bottom pieces of the 
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two-piece socket 44 become fused, while the pipe 
50 can be connected at the same time. 

If this two-piece socl<et 44 is used, the time 
required to insert the pipe 50 into the coupling 
socket is reduced, therefore the manufacturing effi- 
ciency can be increased, which is especially ad- 
vantageous for large diameter pipes which are be- 
coming increasingly important. In this practical ex- 
ample, too, any of the heaters of the Practical 
Examples of Fig. 1, Fig. 3-8. and Figs. 10-11 
can be used. 

The saddle 31 shown in Fig. 13 A and 13 B 
includes a seating section 35, on the inside surface 
of the seating section 36, i.e., in the vicinity of the 
joining surface, in a position indicated In Fig. 13 A 
and 13 B, or by a 2-dash line in Fig. 13 B, a heater 
37 is shaped according to any of the previous 
Practical Examples. In the center of the seating 
section 35 there is shaped a branch pipe 39. In this 
Practical Example, too, the heater 37 can be heat- 
ed by an induced high frequency current. 

The elbow 33 shown in Fig. 14 Includes a body 
41 , in the vicinity of the inner surface of the socket 
43, there is shaped a heater 45 according to any of 
the previous examples. In this Practical Example, 
as well, the heater 45 can be heated by an induced 
high frequency current. 

It is understandable of course, that in Practical 
Examples of Fig. 3, the Practical Examples of Fig. 
13 A and 13 B, as well as in the Practical Example 
indicated in Fig. 14 C, the heater can be exposed 
on the joining surface of the body. 

This Invention has been explained in detail and 
shown in Figures. However, it is understandable 
that what has been used as simple graphic ex- 
planations and an example should not be under- 
stood as a restriction. The spirit and scope of this 
Invention is restricted solely by the text of the 
attached claims. 

Clainfis 



aforesaid 1st joining surface of the above-men- 
tioned members to be connected, the above- 
mentioned 1st and 2nd resins having the 1st 
and 2nd melting temperatures respectively; 
and also 

a heater installed on the aforesaid body at 
least a part of whose surface Is exposed on 



the above-mentioned 2nd joining surface, 
which has a temperature self-adjustment func- 
tion, and which includes a magnetic alloy 
body, the aforesaid magnetic alloy body hav- 
5 ing a high Curie temperature equal to or ex- 

ceeding both the 1st and the 2nd melting 
temperature. 

2. The electric fusion coupling according to Claim 
10 1, with the aforesaid heater including a plate- 
shaped magnetic alloy body. 

3. The electric fusion coupling according to Claim 
1, with the aforesaid heater including punching 

75 metal made of a magnetic alloy. 

4. The electric fusion coupling according to Claim 
1, with the aforesaid heater including a mesh- 
type magnetic alloy body. 

20 

5. The electric fusion coupling according to Claim 
1. with the aforesaid heater including a coil- 
shaped magnetic alloy body. 

25 6. The electric fusion coupling according to Claim 
1, with the aforesaid heater including a mag- 
netic alloy thin film. 

7. The electric fusion coupling according to Claim 
30 1, with the aforesaid heater including synthetic 

resin layer with a magnetic alloy powder ad- 
mixed to it. 

8. The electric fusion coupling according to 
35 Claims 1 to 7, with the aforesaid body having 

at least 2 sockets, while the above-mentioned 
body is installed at every socket. 

9. The electric fusion coupling according to Claim 
40 8, with the aforesaid heaters further equipped 

with connecting sections to mutually connect 
them. 

10. The electric fusion coupling according to any 
of the Claims 1 to 9, with the aforesaid body 
consisting of the 1st and 2nd body sections 
each of which has the aforesaid 2nd joining 
surface inside, and which have a semi-circular 
cylindrical shape, while the above-mentioned 
1st and 2nd body sections cooperate and 
make up 1 socket. 

11. The electric fusion coupling according to any 
of the claims 1 to 9, with the aforesaid body 

55 including a seating section with the aforesaid 

2nd joining surface on its inside. 

12. An electric coupling which connects members 



1. An electric fusion coupling which connects 
members to be connected which are made of 
the 1st synthetic resin and have the 1st joining as 
surface, is quipped with the following: 

a body which has the 2nd joining surface 
made of the 2nd synthetic resin and shaping 
actually the same curved surface as that of the so 
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to be connected that are made of the 1st 

synthetic resin and have the 1st joining sur- 
face, equipped with the following: 

a body which has the 2nd joining surface 5 
made of the 2nd synthetic resin and contacting 
the aforesaid 1st joining surface, white the 
above-mentioned 1st and 2nd synthetic resins 
have the 1st and 2nd melting temperatures, 
respectively; and also io 

the magnetic alloy powder kneaded into 
the vicinity of the above-mentioned 2nd joining 
surface of the aforesaid body, said magnetic 
alloy powder having a high Curie temperature 75 
equal to or exceeding both the 1st and the 2nd 
melting temperatures. 



SUMMARY 



20 



An electric fusion coupling which includes a 
body, with a heater that includes a magnetic alloy 
body with a prescribed Curie temperature close to 
the joining surface of the body installed so as to 
have Its surface exposed on the joining surface. 25 
The joining surface of the body is allowed to con- 
tact the joining surface of the member to be con- 
nected, and when a high frequency electric current 
Is applied to a magnetic alloy body by means of 
magnetic inductance, it Is heated, while the tem- 30 
perature of the magnetic alloy body Is kept at a 
prescribed Curie temperature level by means of Its 
temperature self-adjustment function. Consequent- 
ly, if the Curie temperature is set at the fusion 
temperature, the body is fused to the joining sur- 35 
face of the member to be connected. 
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